Early degradation of paternal mitochondria in domestic pig (Sus scrofa) is prevented by selective proteasomal inhibitors lactacystin and MG132.
Ubiquitin-dependent proteolysis has been implicated in the recognition and selective elimination of paternal mitochondria and mitochondrial DNA (mtDNA) after fertilization in mammals. Initial evidence suggests that this process is contributed to by lysosomal degradation of the ubiquitinated sperm mitochondrial membrane proteins. The present study examined the role of the proteasome-dependent protein degradation pathway of the ubiquitin system, as opposed to lysosomal proteolysis of the ubiquitinated proteins, in the regulation of sperm mitochondrion elimination after fertilization. Boar spermatozoa prelabeled with vital fluorescent mitochondrial probes MitoTracker were used to trace the degradation of paternal mitochondria after in vitro fertilization (IVF) of porcine oocytes. The degradation of sperm mitochondria in the cytoplasm of fertilized oocytes started very rapidly, i.e., within 12-20 h after insemination. Four stages of paternal mitochondrial degradation were distinguished, ranging from an intact mitochondrial sheath (type 1) to complete degradation (type 4). At 27-30 h postinsemination, 96% of zygotes contained the partially (type 3) or completely (type 4) degraded sperm mitochondria. Highly specific peptide inhibitors of the ubiquitin-proteasome pathway, lactacystin (10 and 100 microM) and MG132 (10 microM), efficiently blocked the degradation of the sperm mitochondria inside the fertilized egg when applied 6 h after insemination. Using 10 microM MG132, only 13.6% of fertilized oocytes screened 27-30 h after IVF displayed type 3 sperm mitochondria, and there was no incidence of type 4, completely degraded mitochondria. Although lactacystin is not a reversible agent, the effect of MG132 was fully reversible: zygotes transferred to regular culture medium after 24 h of culture with 10 microM MG132 resumed development and degraded sperm mitochondria within the next cell cycle. Surprisingly, penetration of the zona pellucida (ZP) was also inhibited by MG-132 and lactacystin when the inhibitors were added at insemination. Altogether, these data provide the first evidence of the participation of proteasomes in the control of mammalian mitochondrial inheritance and suggest a new role of the ubiquitin-proteasome pathway in mammalian fertilization.